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ABSTRACT
Introduction: Inappropriate staff behaviours can lead
to environmental contamination in the operating room
(OR) and subsequent surgical site infection (SSI). This
study will focus on the continued assessment of OR
staff behaviours using a motion tracking system and
their impact on the SSI risk during surgical
procedures.
Methods and analysis: This multicentre prospective
cross-sectional study will include 10 ORs of cardiac
and orthopaedic surgery in 12 healthcare facilities
(HCFs). The staff behaviour will be assessed by an
objective, continued and prolonged quantification of
movements within the OR. A motion tracking system
including eight optical cameras (VICON-Bonita) will
record the movements of reflective markers placed on
the surgical caps/hoods of each person entering the
room. Different configurations of markers positioning
will be used to distinguish between the staff
category. Doors opening will be observed by means
of wireless inertial sensors fixed on the doors and
synchronised with the motion tracking system. We
will collect information on the OR staff, surgical
procedures and surgical environment characteristics.
The behavioural data obtained will be compared (1) to
the ‘best behaviour rules’ in the OR, pre-established
using a Delphi method and (2) to surrogates of the
infectious risk represented by microbiological air
counts, particle counts, and a bacteriological sample
of the wound at closing. Statistics will be performed
using univariate and multivariate analysis to adjust on
the aerolic and architectural characteristics of the OR.
A multilevel model will allow including surgical
specialty and HCFs effects. Through this study,
we will develop an original approach using high
technology tools associated to data processing
techniques to evaluate ‘automatically’ the behavioural
dynamics of the OR staff and their impact on the SSI
risk.
Ethics and dissemination: Approbation of the
Institutional Review Board of Paris North Hospitals,
Paris 7 University, AP-HP (no 11-113, 6 April 2012).
The findings will be disseminated through peer-
reviewed journals, and national and international
conference presentations.
INTRODUCTION
Surgical site infection (SSI) is a major public
health problem. It is the third most common
healthcare-associated infection and contri-
butes to 13–17% of all such infections.1 2 In
Strengths and limitations of this study
▪ This study will be the largest performed on the
topic. Twenty operating room (OR) in 12 health-
care facilities will be included and will describe a
large panel of practices in cardiac and ortho-
paedic surgery. The second originality will be the
use of high-technology tracking systems. This
new technology device will allow obtaining full
and systematic data impossible to collect by
human observers. Finally, the behavioural aspect
will be approached by several ways with the
interpretation of observations by psychology
specialists and the perception of surgical staff.
The comparison of the perceptions and practices
will allow in understanding the behaviours.
These data will orient through solutions to
improve practices.
▪ The study will present several limitations. The
first will be the reluctance to participate and the
modification of behaviour due to the presence of
video camera in the OR. This bias will be
managed by a large communication to all the
surgical staff before the beginning of the study
in each centre. We will insist on the fact that all
the data will be anonymous using presentation
of the system and simulations. The motion
capture system will not record videos but will
only keep the positions of the OR staff in a
virtual environment. Additionally, we have
chosen to stay 1 week in each OR to make
healthcare workers to become familiar with the
system and to minimise the Hawthorne effect
behaviour modifications linked to the Hawthorne
effect which will be evaluated by the collection of
door opening one additional week in the absence
of video camera. The results will be adjusted on
this bias evaluation.
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France, the annual incidence of SSI rates varies from
0.6% to 8.8% according to the surgical specialty and
contamination class.3 SSI substantially increases the
severity of illness, prolongs the hospital length of stay,
and increases mortality and costs.4–6 Preventive measures
include skin preparation, surgical antibiotic prophylaxis
in high-risk patients, control of the operating room
(OR) environment and improvements in the surgical
technique. Despite these measures, SSI still induces a
substantial public health burden.
The risk factors for SSI are linked to the patient char-
acteristics, including advanced age, diabetes, obesity and
other comorbidities; the surgical procedures include
notably contamination class, duration of operative pro-
cedure, surgeon’s skill, control of hypothermia; and the
OR environment and the postoperative stage.4 It is
believed that the contamination of the surgical wound
mainly occurs at the time of surgical procedure in the
OR, eventually leading to SSI. Four main routes of
microbial entry into an open clean surgical wound are
usually described: (1) from the patient’s skin, (2) from
the surgeon’s and other OR personnel, (3) by airborne
microbes and (4) by instruments used during the surgi-
cal procedure.5 6 Wound contamination via haematogen-
ous seeding from other source or postoperative wound
contamination may occur, but seem rare sources of con-
tamination. Controlling the OR environment with an
appropriate ventilation system and discipline on the OR,
with minimal movements is therefore critical for SSI
prevention.7 8
Humans naturally produce particles that could
convey microorganisms. This phenomenon dramatically
increases during displacements in the OR.9 The current
guidelines do not include speciﬁc recommendations
regarding the best OR staff behaviour (except for
wearing cap, mask and scrub and performing appropri-
ate hand hygiene) to decrease the exogenous risk of
SSI. Some surgical or infection control societies advise
to control the OR trafﬁc in order to decrease air con-
tamination and wound colonisation.10 11 These measures
include limiting door opening and restricting the move-
ments and the number of persons in the OR. However,
these recommendations are often vague and are based
on expert advice only without robust scientiﬁc
arguments.
At the beginning of the 1980s, Lidwell et al12 evi-
denced a correlation between airborne contamination
and wound contamination. Later, Tammelin et al13 14
demonstrated that surgical wound contamination could
originate from the staff skin ﬂora. Staff skin shedding
could lead to spreading microorganisms by the air with
occurrence of wound contamination.9 15–17 In addition,
the impact of the staff behaviour on SSI risks was
assessed in several studies through the observation of
the number of persons in the OR and the frequency of
door opening.18 19 Overall, these studies were per-
formed using classical audits with evaluation by human
observers over short-time periods. This methodology
does not allow the objective, continued and rigorous full
collection of behaviour in the OR. Indeed, behaviours
may change in the presence of an observer and observa-
tions may differ from one expert to another.
Research questions
To date, no study has described the global OR staff
dynamics and behaviours during surgical intervention in
the OR. This issue is challenged by the methodological
concern of observational sessions by a direct observer. In
consequence, the impact of the OR staff dynamics and
behaviours during surgical intervention in the OR on the
SSI risk has been partially assessed in previous studies.
New technologies using motion capture systems appear
as an alternative to obviate methodological issues.
Automatic techniques based on sensors or motion
capture allow the acquisition of objective data, with con-
tinued and prolonged periods of data collection.20 21
Study objectives
The present study will focus on the assessment and
description of OR staff behaviours and on its association
with the SSI risk during surgical procedures. This study
aims at describing and assessing the staff behaviours in
the OR and their variability by recording staff displace-
ments using a motion tracking system and door opening
detection system. Data obtained will be compared to the
best practices previously established by an expert panel
during an earlier part of the study. A secondary objective
was to correlate the staff behaviours with the SSI risk,
approached with surrogates of SSI, such as OR air con-
tamination and wound contamination at the end of the
surgical procedure.
Strengths and limitations of this study
▪ Second, the endpoints will not be the occurrence of the surgi-
cal site infection (SSI) but the ‘pre-established best practices
criteria’ and surrogate of the infectious risk. The SSI rate
would have been an ideally but unreachable endpoint. Indeed,
obtaining a benchmarked SSI rate in these surgical units
would have required a common protocol and a long duration
of surveillance in clean surgical procedures with low SSI rates.
In addition, SSI is multifactorial, and many confounding
factors should have been collected. We will use the air and
wound contamination as an indicator of infectious risk. There
is no full correlation between these air contaminations and the
occurrence of SSI but the link has been established several
times in the past. Wound contamination occurs in 10–40% of
surgical procedures, and fortunately rarely leads to SSI.
▪ Through this study, we will precisely and continually describe
the dynamics and the perception of surgical staff during
cardiac and orthopaedic surgery with the help of a motion
tracking system. Data collected will help to understand the
behaviours in the OR and their correlation with the infectious
risk. This methodology will help to establish a detailed rule of
the best practices and the good behavioural practices in the
OR to prevent SSI.
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The main objective was to objectively measure the
movements of surgical teams in the OR and to assess
their adherence to the pre-established best practice cri-
teria and their variability in a panel of ORs from two sur-
gical specialties.
Secondary objectives are:
1. To assess correlations between movements of the OR
personnel and the SSI risk, as approximated by surro-
gates of the infectious risk;
2. To assess the correlation between the particle count
and the microbiological contamination in the OR air;
3. To describe the change in practices in the OR
depending on the presence of a motion tracking
system;
4. To assess the OR staff perception of their behaviour
in the OR during an intervention to correlate with
the actual data.
METHODS AND ANALYSIS
Study design
We propose an observational study based on the correl-
ation between the data on OR behaviours obtained
using new technology tools and (1) the ‘best behaviour
rules’ established by an expert panel during an earlier
part of the study and (2) surrogates of the infectious risk
in the OR.
Population and location of the study
The study population will be formed of the OR person-
nel (surgeons, anaesthesiologists, nurses, nurse’s aide)
and any other person likely to enter the OR during the
surgical procedure. Among this population, behaviours
will be analysed by an automatic system of motion
capture. Volunteers to participate will be selected by
contacting the heads of the surgical and anaesthesiology
teams and the infection control practitioner from each
selected healthcare facility (HCF).
Surgical specialties and procedures have been
included according to the following criteria: cutaneous
approach, clean contamination class (Altemeier’s class
I), the frequency and the reproducibility of the proced-
ure. On this basis, two specialties will be included:
cardiac surgery with procedures requiring a full median
sternotomy (planned coronary artery bypass grafting,
valve repair or replacement surgery); and orthopaedic
surgery for total hip and knee replacement.
Strength evaluation
The strength estimation for this comparative study
depends on the variability of the staff behaviour between
ORs. We hypothesise that the behaviour’s variability is
lower between the OR personnel in a same HCF than
between two different HCFs. Thus, we have chosen to
include a panel of HCFs to take into account this poten-
tial variability. We will include interventions occurring
during half-day periods. For each surgical ward involved
in the study, one OR will be randomly selected. The
inclusion of 20 different ORs (10 in each specialty) will
generate data for 50 cardiac procedures (1 patient per
day) and for 50–100 orthopaedic procedures. The ﬁnal
analysis will be performed on a total of 100–150
procedures.
We will perform an observational multicentre study
including 12 HCFs: 7 University hospitals, 1 semiprivate
and 4 private hospitals located in France. Among the 12
participating HCFs, 10 OR of cardiac surgery and 10 OR
of orthopaedic surgery (7 public, 1 semiprivate and 2
private for both specialties) will be included in the study.
Judgement criteria
Primary criteria
Motion capture
The main judgement criteria will be the staff behaviour,
as measured using his/her movements in the OR. A tech-
nology of motion capture based on a video tracking
system will be adapted for the objective, continued and
prolonged detection and the characterisation of move-
ments in the OR. A network of eight video cameras
(VICON-Bonita, Vicon, Los Angeles, USA)22 will be ﬁxed
upright to the wall by a suction system and linked by
Ethernet cables to a hub. Data will be recorded on a
laptop using the Vicon Tracker software (Vicon). Brieﬂy,
68 LEDs situated on each camera produce an infrared
light reﬂected by hemispherical markers and acquired by
the optic. The detection of the same marker by different
cameras allows its three-dimensional (3D) positioning.
The motion capture will be performed by a continu-
ous tracking of reﬂective markers placed on the surgical
caps/hoods of each person entering the OR. This
system evaluates the movements of persons with a preci-
sion of 50 cm. Four types of marker combinations will be
created to distinguish four different professional categor-
ies: surgeon, anaesthesiologist (including anaesthesi-
ology nurse and extracorporeal circulation personnel),
OR nurse and other. The markers’ positions are located
in 3D by a method of spatial triangulation. The cartog-
raphy of the OR including the situation of the table and
doors will be performed at the system installation. Data
recorded by the system will include the time and 3D pos-
ition of the barycentre of each marker combination.
Doors opening will be collected by autonomous iner-
tial sensors ﬁxed on each door and synchronised to the
motion tracking system. HiKoB FOX (HiKoB,
Villeurbanne, France) is an autonomic system of wireless
inertial sensors (tri-axial accelerometers, gyrometers and
magnetometers). HiKoB FOX collects dynamic and
door movements in real time. One sensor will be ﬁxed
on each door of the OR after a temporal synchronisation
with the motion tracking system. The consistency
between the position of persons in the OR and the
doors trafﬁc will be controlled through this
synchronisation.
This device including the motion tracking system and
the inertial sensors will stay during 1 week in the same
OR to get people used to it and to take into account the
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potential behavioural modiﬁcations due to the
Hawthorne effect. Data acquisition will start at patient
entry in the OR and will continue until patient exit.
Door opening sensors will be kept for one additional
week to evaluate the impact of the Hawthorne effect on
behaviour by comparing the frequency of door opening
during and after removal of the motion tracking system.
Best practices
The best practices in the OR have been established
using a Delphi method. During this procedure, we asked
a French college of experts including ﬁve surgeons, ﬁve
anaesthesiologists, ﬁve OR nurses and ﬁve infection
control physicians, to quote a preselected list of beha-
viours and practices potentially linked to an increased
SSI risk. These experts are professionals involved in sur-
gical activities and are working daily in the ﬁeld of infec-
tion control and SSI prevention. Overall, 24 experts
were contacted and 20 agreed to participate. Items were
preselected using the national and international guide-
lines for SSI prevention and were then discussed by a
working group composed of one surgeon, one anaesthe-
siologist and three infection control physicians, all spe-
cialised in quality and safety in the OR. We selected 14
preoperative, 35 operative and 1 postoperative items. We
asked to quote the infectious risk on a Likert scale
varying from 1 (no impact on the infectious risk) to 9
(high impact on the infectious risk). Additionally, we
asked to quote 14 additional items possibly collected by
the motion capture system. An item was selected if quo-
tations were higher than 6 for more than 17
participants.
Finally, 11 variables were considered to signiﬁcantly
increase the SSI risk. These variables were selected after
two quotation rounds. Moreover, four parameters were
considered to be interesting to collect with the motion
tracking system (box 1).
Secondary criteria
Air sample
Microbiological air counts will be measured using an
impactor air sampler (Air-test Omega, LCB, La Salle
France) at a ﬂow rate of 100 L/min for 5 min (500 L)
sampling on to Trypticase soy agar (BioMerieux,
France), which will then be incubated for 4 days at 30°C.
Air counts will be expressed as colony-forming units/m3.
The air sampler will be positioned at the head of the
patient. After each sample, the impactor will be disin-
fected. Samples will be performed at the incision, every
30 min during orthopaedic surgery, every hour for
cardiac surgery and at wound closing. The time of
samples will be synchronised on the motion tracking
computer clock.
Particle count
The particle count (HandiLaz Mini, Particle Measuring
Systems, Boulder, USA) will be performed using a
photo-detection device continuously from incision to
wound closing.23 A base level of particle count will be
performed for each OR at the beginning of the day
before the staff entry. The particle analyser will sample
1 min every 2 min throughout the surgical procedure at
a rate of 0.0283 m3/min (1.0 ft3/min) and logged data
at 1 min intervals to obtain the sample volumes of
0.0283 m3 (28.3 L) of air. Samples will be collected
through a 100 cm length of the surgical wound at the
patient head. Particles will be classiﬁed by diameter (d)
in six-size ranges: 0.3≤d<0.5, 0.5≤d<1.0, 1.0≤d<3.0,
3.0≤d<5.0, 5.0≤d<10.0 and d≥10 mm. The count and
particle size measurements will be recorded electronic-
ally by the particle analyser from the patient entry to the
exit of the OR. The particle analyser will be synchro-
nised on the motion tracking computer clock.
Wound sampling
A sample of the operating wound will be performed
before closing. The sample method previously described
by Tammelin et al, will use sterile pads of
polyamide-polyester-viscose measuring 7.5×7.5 cm placed
on the subcutaneous tissue and removed after being
soaked by wound liquids (1 min). This sample will be
performed before any antiseptic aspersion.
Microorganisms will be extracted by vortexing the pads
during 2 min in a phosphate buffer saline (PBS with
Box 1 The final criteria selected by a college of experts
using a Delphi procedure
Parameters linked to an increase risk of surgical site infection
(SSI)
Preoperative period
1. The knowledge and the actual implementation of the guide-
lines for SSI prevention.
2. Patient skin preparation (hair removal and skin antisepsis).
3. Setting up of sterile drapes.
4. Surgical hand disinfection of the surgical team.
5. Quality of air ventilation (type of flux, type of air contamin-
ation, pressures).
Operative period
6. Permanent wearing of scrub suits by every person in the
operating room (OR) (mask/surgical caps).
7. Permanent wearing of specific sterile suits for the operating
staff.
8. Wearing of a surgical cap covering all hair surfaces by all
persons in the OR during the surgical procedure.
9. Wearing of a mask covering the nose and mouth by all
persons in the OR during the surgical procedure.
10. Systematic replacement of material of wear in case of
asepsis fault.
Postoperative period
11. Minimum time required for cleaning and refurnishing the OR
between two surgical procedures
Parameters interesting to collect using the video tracking system
1. Number of people in the OR during the surgical procedure.
2. Frequency of opening of OR doors.
3. Respect of the OR cleaning time between two interventions.
Limitation of the traffic in the OR
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Tween 80 at 2% and lecithin at 0.3%, Hyphen BioMed,
Neuville sur Oise, France) inactivating antiseptics com-
pounds. For each pad, an aliquot of 0.5 mL of PBS will
be cultured on blood agar. Strains isolated will be quan-
tiﬁed and identiﬁed by the investigator team using a
mass spectrometry assay (MALDI-TOF-MS system,
Microﬂex, Bruker Daltonics, Bremen, Germany).9
Data collection
Information will be collected on: (1) OR staff present
during the intervention (age, gender, function, experi-
ence in the function, role in the surgical procedure),
(2) surgical procedure (surgical specialty, surgical pro-
cedure, surgical technique used, incision time, prese-
lected procedure periods, closure time), (3) surgical
environment characteristics (air changes of ﬁltered air
per hour, positive pressure, temperature, relative humid-
ity, particles contamination class, kinetic of particle
decontamination class). The architecture of the OR will
be taken into account by collection of the sizes and
volumes of the room.
The motion tracking system will record all the behav-
ioural parameters including: the number of persons in
the OR, their proximity to the surgical theatre, the
number of door openings, the number of exit/entry, the
cumulated time in the OR and the interaction between
the OR staff. These data will be stratiﬁed according to
the professional categories.
As described above, particles’ contamination will be
continuously collected at the head of the patient from
entry to exit from the OR. Microbiological data will
include qualitative and quantitative values of the total
air and wound ﬂora.
Additionally, the perception of each OR staff will be
collected using two different questionnaires: one asses-
sing the safety climate, previously used by Sexton et al,21
and the other assessing the perception of each person
regarding the infectious risk in his/her OR (ﬁgure 1).
These questionnaires will be given to every OR team
member and will assess six dimensions: perception of
management, safety climate, stress recognition, job satis-
faction, working conditions and teamwork climate.
Participants will give his/her perception by rating 59
items corresponding to these six dimensions on a Likert
scale going from A (disagree strongly) to E (agree
strongly). The results will be stratiﬁed by the profes-
sional categories.
Statistical analysis
A descriptive analysis of all the parameters collected will
be performed. For continuous variables (ie, age, dur-
ation of presence in the OR), indicators such as the
mean, SD, minimum, median, quartiles and maximum
values will be calculated.
χ
2 Test will be used to evaluate the homogeneity
between the observed behavioural data and the items of
interest previously established by the college of experts,
both categorical variables, with a level of signiﬁcance for
the p value ﬁxed at <0.05. These analyses will be per-
formed after stratiﬁcation according to the surgical spe-
cialty and the type of HCF. Pearson or Spearman tests
will be used to assess the correlation between the quanti-
tative variables.
Additionally, a logistic regression will be used to inde-
pendently analyse the link between the environmental
variables (air wound contamination) and the behaviour
variables all dichotomised according to the distribution
of the population. The model will be adjusted according
to the aerolic and architectural characteristics of the OR.
The model will also be adjusted according to the
Hawthorne effect with the comparison of door opening
data obtained with and without the video tracking system.
Finally, a multilevel model will allow including context-
ual variation due to the surgical specialty or the type of
HCF. The method will quantify the ‘surgical specialty’
effect and the ‘HCF type’ effect.
Confidentiality issue
The motion capture system will not allow identifying
people who are symbolised by markers on the head cap.
Functions of the OR team members will be collected
but no name data will be recorded. The system will be
presented to surgical and anaesthesiology teams in each
participating centre and OR. Included patients will sys-
tematically be informed by an information letter.
Additionally, this methodology requires the consent of
the OR members included in the study.
DISCUSSION
The operating theatre is a particular area in the hospital.
This special care environment with sophisticated techni-
ques generates several ranges of risks for the patient
including the occurrence of infection. Several recom-
mendations have been published (skin preparation, sur-
gical antibiotic prophylaxis, control of the OR
environment and improvements in the surgical tech-
nique) to improve the patient safety and quality of care
in the OR.10 11 24 25 Most of the recommendations are
based on the scientiﬁc evidence. However, guidelines for
the prevention of transmission of microorganisms to the
surgical wound and eventually to SSI are scarce and
often fuzzy. The existing recommendations are based on
expert advice only without any scientiﬁc proof of evi-
dence. In consequence, rituals abound in operating
departments to prevent environmental contamination
and impact staff behaviour. The present study will aim to
bring a rationale for the prevention of airborne micro-
organism transmission by the description of best behav-
iour rules in the OR.
The impact of behaviours on the SSI risk has been
studied in the past. We performed a search on the
MEDLINE database in March 2013 and found eight arti-
cles assessing the correlation between the behaviour and
the infectious risk in the OR. Results were conﬂicting.
Among those, ﬁve articles studied the trafﬁc ﬂow by
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evaluating the number of door openings and reason for
door opening and the number of persons attending the
OR during the intervention. Four of them were only
descriptive studies and the last study correlated the
trafﬁc with the air contamination as a surrogate of the
SSI risk.18 19 26–28 These studies were based on human
observations performed at a given time. Collecting infor-
mation using observers may have induced two biases:
the Hawthorne effect and the partial observation of
dynamics in the OR.
In two other articles, a bundle of preventive measures
(including behavioural measures) were implemented
and showed some an impact on the SSI rates.8 29 Finally,
a study evaluated the impact of noise and found a strong
positive correlation between the increase in decibels and
the SSI rates.30 These studies were based on human
observations of door opening or person present in the
OR at given times. However, no study systematically and
continuously evaluated a global perception of the staff
dynamics in the OR.
Through the present study, we will develop an original
approach using high technology tools (motion tracking
and inertial sensors) to evaluate the behavioural dynam-
ics of healthcare workers in the OR and their impact on
the SSI risk. Other studies have used video to audit prac-
tices in the OR.31 This system was generally used to
analyse and improve the performance of surgical techni-
ques and to prevent an adverse event in the OR.32 33
This type of recording system has also been used to
improve practices outside the OR. A study showed that
compliance with hand hygiene could increase from less
than 10–86% due to the presence of remote video
auditing.20
This challenging project gathers specialists from
several disciplines (infection control, epidemiology,
surgery, anaesthesiology, psychology and engineering)
and will allow obtaining the qualitative and quantitative
epidemiological data. This consistent approach will allow
collecting data that will help to understand the behav-
ioural origin of the SSI risk and to improve the quality
of care in the OR.
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